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Ite  main  trough  in  the  topside  ionosphere  has  been  studied  using  the  themal 
positive  icxi  and  electron  densities  meausured  over  a three  year  period  (1969- 
1972)  by  means  of  s[4iericcil  electrostatic  analyzers  aboard  the  ISIS  I and 
INJUN  V satellites  in  the  560-3600  )an  ciltitude  range.  The  trough  is  found 
to  be  a persistent  feature  at  night  with  ein  occurrence  frequency  of  approoci- 
matley  95%.  The  occurrence  frequency  decreases  to  approximately  60%  near  the 
dawn-dusk  meridian  amd  to  approximately  48%  neaur  locail  noon.  At  ad.titudes 
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below  about  1500  km  dxaring  quiet  to  moderate  conditions  (I^  f 3)  the  trough 
equatorvard  boundary  is  found  at  L = 3.5  1 1.0  near  local  noon.  The  trough 
equatorvard  location  on  the  nightside  is  in  good  agreement  with  published 
plaanc^use  locations.  Near  local  noon  the  trough  occurs  at  the  equatorward 
edge  of  the  magnetosjrfieric  cleft  and  is  at  significantly  higher  L values  than 
those  reported  for  the  dayside  plagnapause.  The  seasonal  variation  of  the 
trough  location  at  a given  time  is  negligible  near  sunrise. 

With  increasing  altitude  betiaen  1500  and  3600  km,  the  equatorial  bound- 
ary of  the  trough  moves  to  continually  lower  latitude  during  the  night  hours. 
The  equatorward  trough  wall  becomes  a dominant  feature  of  the  trough  often 
extending  from  15°  to  20°  in  width  during  quiet  magnetic  periods.  The  pole- 
ward  edge  of  the  trough  becomes  less  well  marked  with  increasing  ciltitude 
often  being  defined  only  by  a sharp  spike  in  ionization  extending  a few  de- 
grees within  the  auroral  zone.  The  amplitude  of  the  dayside  high  latitude 
trough  reduces  gradually  with  increasing  altitude.  However,  a second  regicai 
of  dayside  plasma  depletion  is  observed  between  L = 2 and  6 approximately  50% 
of  the  time.  The  equatorward  vail  of  this  deletion  region  prcijable  repre- 
sents partial  flux  tube  filling  in  the  outer  plaatasphere. 
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ABSTRACT 


Tha  main  trough  In  tha  topslda  lonoaphara  haa  baan  studied  uaing  the  thamal 
poaltiva  Ion  and  electron  danaitlea  naaaured  over  a three  year  period  (LS69-LS7Z) 
by  maana  of  tpherieal  alactroatatlc  analyzers  aboard  tha  ISIS  1 and  INJUN  V 
satallitas  in  tha  960-3600  ka  altitude  range.  The  trough  la  found  to  ba  a 
parslstant  feature  at  night  with  an  occurrence  frequency  of  approxlnataly 
96%.  Tha  occurrence  frequency  dacraaaaa  to  approximately  60%  near  tha  dawn-duak 
meridian  and  to  approximately  48%  near  local  noon.  At  altitudes  below  about 
1500  ka  during  quiet  to  moderate  conditions  (Kp.^  3)  the  trou0  aquatorwardT' 
boundary  ia  found  at  1 ■ 3.Sl^  0.9  near  midnight~ind  1 ■ IB.sC^yl.O  near  lodST 
noon.  Tha  trough  aquatorward  location  on  tha  nightslda  la  in  good  agreaaant 
with  published  plaamapauaa  locations.  Near  local  noon  the  trough  occurs  at  the 
aquatorward  edge  of  the  magnetoapheric  cleft  and  is  at  significantly  higher  1 
values  than  those  reported  far  tha  dayslda  plaanapauae.  The  seasonal  variation 
of  tha  trough  location  at  i>  given  local  time  is  negligible  except  near  sunrlsa. 

With  increasing  altitude  baiawaan  1500  and  3600  km,  tha  equatorial  boundary 
of  the  trough  moves  to  continually  lower  latitudes  during  the  night  hours.  Tha 
aquatorward  trdugh  wall  bacomee  a dominant  feature  of  tha  trough  often  Extending 
from  19^  to  20^  in  width  during /quiet  magnetic  parloda.  ' The  poleward  ddga  of  tha 
trough  becomes  lass  well  markad/ with  increasing  altitude  often  being  dafinad  only 
by  a sharp  spike  in  ionization 'sxtanding  over  a few  degrees  within  the  auroral 
zone.  The  amplitude  of  tha  daysids  high  latitude  trough  reducas  gradually  with 
Increasing  altitude.  However,  a second  region  of  dayalde  plasma  depletion  ia 
observed  between  L • 2 and  6 spproxlmataly  50%  of  tha  time.  The  aquatorward  wall 
of  this  depletion  region  probably  represents  partial  flux  tuba  filling  in  tha 
outer  plasmasphara. 
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Mld-latltuda  troughs  or  dspresslons  in  tha 
? layer  ionization  wore  first  reported  by 
Muldrew  (1965)  and  Sharp  (1966).  Further 
seudiaa  of  trough  charactariatica  hava  bean 
carried  out  by  a number  of  workers  including 
Millar  and  Sraea  (1969),  Rycroft  and  Thomas 
(1970),  Tulunay  and  Sayers  (1971), Taylor  at  al. 
(1975)  and  Orebewsky  at  al.  (1976).  Statis- 
tical studies  of  tha  relation  of  tha  trough  to 


tha  plaaawsphare  ( Thomas  and  Andrews,  1966, 
Tulunay  and  Sayers,  1971,  and  Grobowaky  at  al. 
1978),  have  shown  that  mid-latituda  charge 
density  daplstlons  occtir  near  tha  same  L shells 
as  tha  average  plaamspsuaa  position  on  tha 
nightsido.  Rycroft  and  Thomaa  (1970)  and 
Tulunay  and  Sayers  (1971)  establlshad  that  the 
trough  position  vsries  with  Kp  in  a manner 
similar  to  tha  plsaaapauaa  depondanca  upon 
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magnaclc  activity.  Taylor  at  al.  (1974)  hava 
shown  that  tha  trough  axlsts  In  tha  Individual 
ion  spaelaa  H*,  Ha*  and  0*. 

Studlaa  of  the  diurnal,  saaaonal  and  alti- 
tude variation  of  tha  trough  charactariatlca 
hava  lad  to  confusing  raaulta  (Wrann  and  Raltt, 
(197S),  Millar  (1974),  for  axanpla,  raportad 
that  dayaida  troughs  parslatad  above  2500  '.ob 
while  below  thay  ware  saldooi  dataetabla.  Thera 
I are  several  reasons  for  tha  dlffarances  in 

I trough  results.  These  include  uaa  of  a Halted 

data  baaa,  widely  varying  altitude  of  the 
oeasuremants , varying  spatial  resolutions  of 
tha  measur ament  from  a few  ;as  to  nearly  1000  lea, 
difficulties  in  dstactlng  dayaida  features  due 
' to  photoalectrona  as  wall  as  varying  critarla 

used  to  define  tha  trough  location.  Tulunay 
and  Sayers  (1971)  for  example,  used  tha  trough 
I ninlmuffl,  while  Brace  and  Thais  (1974)  used  a 

density  level  of  10^  electz^na/cm^  along  the 
equatorial  trough  wall. 

The  present  study  seeks  to  contribute  new 
knowledge  of  tha  trough  characteristics  as  a 
function  of  local  time,  season  and  altitude. 

Tha  trough  occurrence  frequency  is  also  pre- 
aented  as  a function  of  local  time.  Tha  study 
is  based  on  tha  examination  of  thlrty-eavan 
tonths  of  ISIS  I positive  ion  and  INJUN  V 
electron  probe  data.  Tha  relation  of  tha  trough 
to  the  plasmapauaa  is  examined  at  all  local 
times. 

THE  SXPSaiMSNT 

ISIS  I thermal  charged  particle  measure-  ' ' 
mants  were  obtained  with  a spherical  electro- 
static analyzer  that  measured  tha  thermal  ion 
density,  the  ion  energy  distribution  from  0 to 
so  aV,  the  attaint*  potential,  and  the  ratio  of 
tne  ion  masa  to  the  ion  tamper a cure.  Tha  sensor 
mounted  on  a 9S  cm  boom,  consists  of  three  con- 
centric spherical  electrodes  with  radii  of 
1.90,  2'. 54  and  3. Id  cm  respectively.  Tha  opera- 
tion of  tha  probe  is  based  on  tha  motion  of 
charged  particles  in  a central  force  field 
(Sagalyn,  et  al.,  1963,  Sagalyn  and  Smiddy, 

1967,  Smiddy  and  Stuart,  1969,  'Whittaker  at  al., 

I 1972),  The  sensitivity  range  of  tha  instrument 

I is  10-10®  ions  cm"®,  in  sunlight,  however, 

I photoalactrcn  currents  limit  the  lower  sensiti- 

vity to  about  700  ions  cm'®.  Ion  densities 
ware  sampled  60  times  par  second,  corresponding 
to  a spatial  resolution  of  ISO  m.  The  ratio  of 
i . mass  to  tempera curs  was  sampled  once  par  minute, 

! and  the  energy  distribution  was  samples  once 

i every  2 min.  The  results  in  this  report  are 

I based  on  tha  ISIS  I ion  density  mods  of  opara- 

tion  and  also  on  measurements  made  with  a two 
electrode  spherical  probs  flown  on  INJUN  V with 
a spatial  resolution  of  2 km. 

3A7A  BASE 

The  ISIS  I satellite  served  as  an  ideal 
platform  for  the  study  of  diurnal  and  saaaonal 
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morphology  of  tha  trough,  since  its  orbital  , ^ 

plana  precaassd  nearly  one  hour  of  local  time 
par  weak,  providing  a complete  24  hour  coverage i 

in  about  3 months.  Data  obtained  within  45  ' 

days  of  tha  equinox  and  solstlcs  periods  ware  j 

utilized  for  the  seasonal  study,  t 

The  statistical  portion  of  the  study  re-  | 

ported  here  utilizes  thermal  positive  ion  den- 
sity maasurementa  on  about  12,000  ISIS  I orbits  , 

between  Fabraury  1969  and  March  1972.  Tha  ' 

measurements  hava  a spatial  resolution  of  ISO 
metars  and  are  well  suited  for  the  study  of 
trough  charactarlacics.  In  addition,  thermal 
ion  and  electron  densities  measured  by  similar 

instruments  aboard  the  INJUN  V satalllts  on  i - 

about  3000  orbits  between  November  1968  and  , 

November  1970  ware  used  to  improve  the  data 
baaa  within  a few  hours  of  local  noon.  The 
data  cover  tha  altitude  range  550-3600  km  and 
all  local  times  and  seasons. 

For  the  diurnal  studies  of  trough  charac-  ' 
terlscica  about  20  to  25  clsarly  identifiable 
troughs  wars  available  in  each  hour  of  local 
time  in  each  season.  Seasonal  variations  ware 
deduced  utilizing  data  collected  in  three  ^ 

successive  years.  Northern  hemisphere  data 
obtained  during  magnetically  quiescent  and 
slightly  disturbed  conditions  i.a.  Kp  < 3 were 
used  in  the  statistical  portion  of  this  study. 

I 

RESULTS  BELOW  1500  km  ! 

I 

I 

a.  Definition  of  Troush  Parameters  i 

i 


Fig.  1.  Example  of  low  altitude  trough  (<1500 
ka)  where  points  'a'  and  'b'  denote 
tha  location  of  top  and  base  of  the 
equatorial  eaga  respectively.  Points 
'c'  and  'd'  denota  the  location  of  the' 
base  and  tbp  of  the  poleward  edge. 

A represantatlve  low  altituda  trough  is 
shown  in  Fig.  1.  Point  's'  denotes  the  loca- 
tion of  tha  trough  squatorward  edge.  It  is  the 
point  marking  tha  onset  of  a major  dacreaaa  in  , 
ionization  density  with  increasing  latitude. 
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‘b*  dbnotM  tb*  bM«  of  th«  •quatorvard  wallt 
'c'  tha  baaa  of  eha  trou«h  polaward  wall.  Tha 
bop  of  ctia  polaward  adga,  point  'd'  la  tha 
Intaraactlon  of  llnaa  drawn  along  tha  trough 
polaward  wall  and  through  tha  flrat  lonlxatlon 
naxlnua  In  tha  praclpltatlon  raglon.  Tha  ratio 
of  tha  danaiclaa  at  polnta  a/b  and  d/e  rapra- 
sant  tha  trough  amplltudaa  at  tha  aquatorward 
and  polaward  adgaa  raapaetlvaly. 

Uhlla  thara  la  conaldarabla  variation  In 
tha  trough  anplltuda,  width  and  gradlant  fron 
orbit  to  orbit  aa  llluatratad  In  Flga.  2,  3 
and  4,  polnta  ’a'  through  ’d’  can  uauall/  ba 
raadlly  maaaurad  for  altltudaa  balow  about 
ISOO  xa.  Tha  wldtha  of  tha  aquatorward  and 
polaward  walla  typically  range  froai  1°  to  4^. 
Tha  high  latitude  precipitation  region  axtanda 
over  lavaral  dagraaa  and  la  highly  atructurad 
Tha  trough  width  and  anplltuda  are  sonalatantly 
saallar  on  tha  dayalda  than  on  tha  nlghtslda 
aa  llluatratad  In  Figs.  4 and  2,  raapaetlvaly. 
Tha  aquatorward  adga  of  the  trough  wall  point 
'a'  of  Fig.  1,  was  takan  aa  the  trough  location 
for  tha  study  of  raaules  balow  ISOO  kn. 


MIX.  m 22  hrs  - 30  min 


Fig.  3.  Exaaiplas  of  troughs  batwaan  1000  and 
ISOO  Ka  within  4 hours  of  midnight. 


Fig.  4.  Low  altitude  (<1000  kn)  daytime 

trough  axanplaa  within  3 hours  of 
noon. 


Tha  trough  oceurranca  frequency  as  a func- 
tion of  local  time  la  given  in  Fig.  S for  alti- 
tudes below  1500  km. 


Fig.  5.  Tha  trough  occurrence  frequency  versus 
local  time  for  altltudaa  ^1500  km. 
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For  caeti  hour  of  local  tlaa,  data  from  at  laaat 
3 months  wars  utilltad.  For  axampla,  tha  ra- 
suits  at  19:00  UT  includas  data  froa  March, 
August,  Saptaabar  1949,  January  and  Fabruary 
1970  giving  a total  of  6S  obsarvationa . Tha 
results  ara  based  on  data  fron  all  saaaona 
and  Include  about  S30  clearly  identifiable 
trough  observations. 

In  the  nighttime  hours,  19:00  to  05:00  LT 
tha  trough  occurrence  frequency  is  vary  high, 
approxlmataly  96X  as  saan  in  Fig.  5.  Near 
05:00  LT  a sharp  dacraaaa  in  tha  occurrence 
frequency  is  observad.  After  08:00  LT  there  is 
a gradual  dacreaaa  in  occurranca  frequency 
with  time  reaching  a minimum  value  of  approxi 
mataly  cgX  near  local  noon.  At  about  13:00  LT 
the  occurrence  frequency  bagins  to  incraaaa 
reaching  the  maximum  nighttime  value  at  19:00 
LT.  It  is  seen  that  tha  afternoon  increase  in 
the  occurrence  frequency  is  aomawhat  staapar 
than  the  morning  decrease. 

The  results  of  Fig.  5 represent  the  first 
quantitative  determination  of  trough  occurrence 
frequency  over  a 24  hour  period.  These  results 
are  in  agreement  with  the  findings  of  Tulunay 
and  Sayers  (1971)  which  show  a broad  maximum 
during  the  night  hours  and  a minimum  within  - 3 
hours  of  local  noon  in  the  northerm  winter 
hemisphere.  Taylor  at  al.  (1970)  and  Tulunay 
(1973)  have  reported  the  existence  of  persis- 
tent daytime  troughs.  Miller  (1974)  found  no 
daytime  troughs  below  2500  km  fron  the  ISIS  I 
electron  probe  measurements.  Miller's  ISIS  I 
sensor  had  a spatial  resolution  of  9°  and 
hence  could  not  resolve  the  high  latitude 
troughs  with  widths  typically  ranging  from  2° 
to  3^. 

Srinton  at  al  (1969  and  1970)  have  shown 
that  the  ion  composition  in  tha  topside  iono- 
sphere at  mid  and  high  latitudes  consists 
predominantly  of  0*  on  the  dayslda.  Tha  midday 
occurrence  frequency  of  48X  shows  that  the 
production  of  0*  by  solar  UV  radiation  frequent- 
ly dominates  over  ion  depletion  mechanisms. 

c.  Trough_L2eation 

Fig.  6 shows  the  mean  location  of  tha 
trough  equatorward  edge  (point  'a'  of  Fig.  1) 
versus  local  time  for  each  of  tha  four  seasons, 
lach  of  t.hsae  four  profiles  is  based  upon  at 
least  400  wall  defined  troughs.  It  is  seen 
that  tha  summer  profile  is  symmatrlcal  within 
- 4 hours  of  midnight  and  is  located  between 
L a 3.3  and  4,0.  In  the  morning  between  04:00 
and  07:00  LT,  there  is  a sharp  poleward  move- 
ment with  an  increase  of  3 L units.  In  the 
dawn-neon  ssotor,  the  summer  profile  gradually 
moves  to  higher  L values  reaching  a maximum  of 
L a 12.5  - 1.0  around  11:30  LT.  Within  4 hours 
of  local  noon,  tha  trough  is  found  to  be  loca- 
ted at  the  equatorward  edge  of  tha  cusp  preci- 
pitation region.  In  the  afternoon  sector,  tha 


trough  moves  gradually  equatorward  to  a value 
of  L a 5 near  dusk.  The  summer  trough  location < 
profile  is  nearly  elliptical  in  shape  except  for 
the  LT  period,  04:00  to  07:00  LT. 


locu.  nut  (wai 
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Fig.  S.  Diurnal  variation  of  trough  location 
below  1500  km  for  the  four  seasons. 

Tha  bars  are  tha  standard  deviation 
of  the  maasur emanta . 

Tha  winter  trough  location  moves 
gradually  inward  from  L a s.s  to  3.5  between 
13:00  and  04:00  LT.  This  equatorward  movement  ] ^ 
at  night  is  consistent  with  the  characteristic  ' 
‘nighttime  movemsnt  of  tha  plasmspsusa  in  tha  > 
equatorial  plane  (Carpenter,  1966).  In  tha 
04:00  to  07:00  LT  sector,  the  winter  profile 
shows  a gradual  movement  toward  higher  L valuasi 
until  09:00  LT  after  which  a rapid  poleward 
movement  it  observed  locating  the  trough  at  its 
peak  value  of  about  L • 12.5  at  noon.  Tha 
rapid  movement  after  09: CO  LT  represents  tha 
affect  of  the  onset  of  sunrise  in  tha  winter 
hemisphere.  In  the  noon-duak  sactor,  the 
winter  trough  profile  moves  gradually  from 
L w 12.5  to  5.5.  The  winter  profile  is  also 
elliptical  in  form. 

Tha  spring  and  fall  trough  profiles  shown 
in  Fig.  6 are  similar  in  form  to  tha  summer  and 
winter  profiles  and  generally  lie  within  the 
envelope  defined  by  tha  summer  and  winter  loca- 
tions throughout  a 24  hour  period.  The  pro- 
files for  all  the  four  seasons  approach  their 
highest  L valuaa  near  noon. 

I 

Tha  standard  deviations  of  tha  measured 
trough  locations  are  shown  as  bars  in  Fig.  6 | 
they  were  deduced  using  all  trough  data  avai- 
lable in  a specific  hour  of  LT  in  a given  sea-  ' 
son.  They  ara  of  tha  order  of  - 1 L unit 
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during  trti*  daytlas  and  - 0.4  L naar  nidnight. 

Tha  standard  davlaclon  calculations  ahow 
that  ttiara  la  no  significant  saaaonai  variation 
in  tha  trough  location  axcapt  in  tha  04:00  to 
09:00  LT  aactor.  'idiara  tha  affaet  of  tha  onaat 
cf  sunrisa  with  saason  is  largo. 

d.  Cosioarison  with  Othar  Trouah 

Maasuramants 

Sinea  tha  aaasonai  off  acta  ara  sMil.  tha 
naan  trough  location  ovar  all  saaaons  was  caicu- 
latad  for  a conpariaon  with  pubilshad  trough 
data  (Fig.  7).  Tha  trough  location  daducad  by 
Muidraw  (1905)  froa  f^F,  obsarvatlons  froa  tha 
Alouatta  1 Topslda  Soundar  froa  Saptaabar  1962 
to  March  1963  Is  alao  ahotm  in  Fig.  7. 


Fig.  7.  Coaparison  of  the  diurnal  variation 
of  tha  trough  location  avoragad  ovar 
all  aaasons  with  tha  trough  naasura- 
manta  of  Muidraw  (196S)  (<1S00  ka) . 

Satvaan  14:00  and  18:00  VC  tha  two  profllaa 
havo  similar  ahapoa  although  Muidraw 'a  curva 
is  loeatad  1 to  2 L units  highar.  From  18:00 
to  09:00  17,  tha  two  profllaa  follow  ona  ano- 
thar  vary  closaly.  It  should  bs  notsd  that 
thara  it  no  "avaning  bulga"  in  tha  trough  loca* 
tion  in  tha  two  raaulta  aa  has  baan  obsarvad 
in  tha  apuatorial  plaaaapausa  location  by 
Carpantar  (1966),  Chappall  (1972)  and  othara. 
Tha  raaulta  ara  also  in  agraanant  with  tha  low 
altituda  trough  ttudlas  of  Tulunay  and  Sayara 
(1971)  and  Tulunay  and  Orabowaki  (1979)  on  tha 
nightaida.  Tha  last  two  invaatigatlons  wara 
confinad  to  ragiona  of  1 < 7 and  hanca  tha  high 
latituda  daytlaa  troughs  would  ba  outslda  tha 
ranga  of  thaaa  invastigations. 


aeSULTS  .ABOVE  1500  Ion 

a.  Nightjjj^  ^ 

Tha  raglon  of  significant  nightaida  ioniza- 
tion daplatlon  axtanda  to  lowar  latitudaa  with 
incraaaing  altituda.  Abova  2000  lot  ttia'aduato-' 
rial  wall  of  tha  trough  froduantly  axtanda  19*’-' 
in  latituda  with  highly  variabla  ahapas. 

Fig.  a shows  soma  typical  axamplaa  of  trough 
danaity  variations.  It  is  saan  that  thara  may 
ba  a uniform  dacraasa  of  danaity  with  incrassing 
latituda  or  two  or  mors  changas  in  slopa.  Tha 
high  latituda  boundary  bacoaas  mors  difficult 
to  dsflna.  Tha  polsward  adga  of  tha  daplatlon  | 
raglon  is  markad  by  ona  or  savsral  sharp  spikaa| 
in  the  ionization,  aach  having  a width  of  1°-2°| 
Tha  nightaida  high  altituda  trough  is  found  on  ; 
ovar  99%  of  tha  orbits  axaainad,  | 
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Fig,  8,  txaaiplas  of  nighttiaa  trough  maasura-  ' 
manta  at  altitudas  graatar  than  2300)«. 

b.  Oavsida  ‘ 

Exaavlss  of  tharmal  ion  danaity  obaarva- 
tlona  naar  local  noon  at  altitudas  graatar  than 
1900  km  ara  glvan  in  Figs.  9 and  10,  Tha  aai-  ' 
plituda  of  tha  high  latituda  trough  (haraaftsr 
rafsrrad  tc  aa  Tj),  which  was  approxlaataly  3 
for  altitudes  lass  than  1900  (Fig,  4)  gradually, 
raduoaa  to  values  lass  than  2 for  altitudas 
graatar  than  2000  km  (Fig,  9),  . 
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Fig.  3.  Oaytln*  high  altitud*  trough  axaaiplaa 
of  T,  - t.ha  high  latltuda  trough, 
within  2 houra  of  noon.  Tha  low  laci- 
tuda  gradiant  12  ia  also  saan  on  Rav. 
1555. 


Fig.  10.  Oaytiaa  trough  axanplaa  Oatwaan 
2300  and  3500  loi  showing  T2,  tha 
low  - aid  latltuda  trough. 


Tha  fraquant  appaaranca  of  tha  anallar  aaqjli 
tuda  high  latltuda  trough  at  aitltudaa 
aoova  1500  ia  conalstant  with  tha  findings  of 
Vilnen  at  al.,  (1977)  basad  on  INJUN  V rasuits. 
Siiiiuitanaous  coaipariaon  of  tha  trough  danai- 
tias  with  INJUN  partlelas  and  alactrlc  flald 
aaasuranants  showad  that  T,  is  locatad  at  tha 
aquatorlal  adga  of  tha  cusp  whara  thara  ara 
found  sharp  alactrlc  flald  ravaraala  which  in- 
dicata  shifts  in  tha  plasaia  convactlon  valocl'- 
ty.  Incraasas  in  tha  alactron  taaiparatura  by 
factors  of  2 to  3 and  a ahlft  fron  isotropic 
high  energy  particles  to  lower  energy  aniso- 
tropic aagnatoshaath-lika  alactrons  and  pro- 
tona  ware  also  observed. 

Schunk  at  si.  (1975)  have  shown  that  tha 


axlstanca  of  horizontal  alactrlc  fields  and 
alavatad  alactron  and  ion  tanparaturas  produce 
daplations  of  0*,  a oajor  ion  at  high  latitudes, 
by  increasing  tha  ion  loss  rata,  Incrsoalng  tha 
ion  scale  height  and  by  changes  in  chaalcal  j 
coaipositlon.  The  present  results  togsthar  with 
tha  INJUN  aaasuraBants  reported  by  Munch*  ac~al':~ 
(1977)  strongly  support  the,  conclusion  of 
Schunk  sc  al.  (1975)  that  alaccric  fields  and 
enhanced  charged  particle  caaparaturaa  oaks  a 
significant  contribution  to  tha  foraatlon  of 
tha  daysida  high  latitude  trough. 

Significant  daytina  gradients  ara  also 
found  to  develop  barwoan  L ■ 2 and  6 with  in- 
ersaaing  altitude  (Fig.  10).  Thass  lower  lati-^ 
tuda  gradients  or  troughs  which  wa  will  refer  , 
CO  as  T2,  are  observed  on  50%  of  tha  daysida 
orbits.  As  on  tha  nlghtaida,  the  polaward 
edge  of  the  daytina  depletion  region  is  usually 
aarv.ad  by  spikes  in  ionization.  The  transition 
fron  only  to  and  Tj  type  daysida  struc- 
turaa  occurs  gradually  in  a transition  region 
berwaan  1300  and  2000  kn.  An  axoaipla  of  a fully 
davslopad  7,  and  T2  type  ionospharic  scructura 
is  given  in*Fig.  11.  Hers  tha  aquacorward  walls 
of  T,  and  T2  ara  found  at  invariant  latitudas 
of  75.5  and  5a‘’,  raapectivaly. 
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Fig.  11.  An  obaorvacion  of  both  high  and  low 
latltuda  troughs,  and  raspacc- 
ivaly.  Altitude  2100  to  2500  ka. 

Tha  statistically  derived  location  of  tha 
top  and  bass  of  the  "squatorward  trough  wall"  of 
T2,  vs  local  tins  for  altitudes  above  2000  loi 
ia  shown  in  Fig.  12.  It  is  saan  chat  on  the 
hightslda  tha  top  of  tha  trough  wall  is  consis- 
tently locatad  close  to  t.  a 2.0  (invariant 
latltuda  t S5°)  and  its  base  is  found  at  L >4.4 
( .V  a si°  ) . On  tha  daysida  the  base  of  tha 
ion  depletion  region,  T2,  is  found  at  slightly 
higher  latitudes.  At  local  noon  it  is  located  , 
at  L w 6.5  ( .V  ■ 67°).  Tha  aquacorward  wall  is 
tha  dosilnant  feature  of  the  high  altitude 
ionization  depletion  region.  
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~i8.  12.  M«an  location  of  tha  cop  and  baaa  of 
tne  high  alclcuda  trough  wall  (Tj) 
versus  local  elms  for  altitudss  ba-> 
twasn  2000  and  3600  km. 

As  illuatratad  In  .'Igs.  3 and  10  Cha  Ion  danal- 
ty  fraquantly  changas  Oy  two  ordan  of  magni- 
tuda  barwaan  tha  top  and  tha  baaa  of  cha  wall. 
This  is  much  grastar  than  tha  changa  in  danalty 
balow  1000  km,  alchar  day  or  night  (Figs,  d and 
2).  tha  high  latltuda  trough  wall  Tj,  of  Fig. 
12  corrasponda  to  cha  plaamapausa  raporcad  by 
3rsca  and  thais  (1974)  from  ISIS  I alactron 
proba  maasuramants  above  2500  km.  They  idantl- 
flad  the  location  of  an  Ionization  level  of  10^ 
alactrona.aPalong  the  trough  wall  as  tha 
plaamapausa,  and  obtalnad  a naarly  circular 
plaamapauaa  boundary  at  about  1 • 4,  As  would 
pa  axpactad  from  t.ha  Sraca  and  Thais  plaams'-' 
pause  criteria  their  results  11a  In  tha  shaded 
area  of  Fig.  12.  13  also  corresponds  to  tha 

high  altitude  ISIS  I day side  trough  reported 
by  Miliar  (1974).  Tha  T2  type  of  Ionization 
grsdlants  wars  also  observed  by  an  alactron 
sensor  aboard  tha  polar  orbiting  sacallica 
0V3-1  in  tha  3000-5700  'k»  altitude  region  be- 
tween t.  ■ 2 and  S Oawarsdorff  and  Sagalyn, 

197’  and  1972). 

Wa  consider  that  tha  trough  wall  of  Fig.  12 
barwaan  about  L a 2 and  6.5  is  the  result  of 
partial  filling  and/or  erosion  of  the  outar 
plasaasphara.  Tha  coaiblnad  affect  of  magnetic 
substorms  (Park  and  Banka,  1974  and  1975)  and 
of  diurnal  plasma  daplationa  and  rsplanlsh- 
mants  prevent  the  outar  shells  of  tha  plaama- 
sphara  from  reaching  saturation  density. 

DISC’JSSlOW!  THOUGH  '.OCATIOH  AMD  THt 
PUS.MAPAU3E 

Nlshlda  (1966  and  1967)  first  explained 
the  formation  of  tha  plaamapausa  in  cams  of  a 
magnacoapharle  convection  modal.  Thomas  and 
Andrews  (1968),  Hy croft  and  Thomas  (1970), 


Tulunay  (1972)  and  Tulunay  and  Grabowsky  (1975)  \ 
have  all  danonatratad  a close  relationship  bo-  ; 
tween  cha  plaamapausa  and  Cha  mld-latituda 
trough  at  night.  However,  there  are  disagree-  1 
mants  among  Chase  workers  regarding  the  details 
of  this  ssaociscion.  Hlshlds  and  Thomas  and 
Andrews,  consider  cha  aquacorward  crough-adga  — 
to  be  the  physically  more  significant  part  of  ! 
tha  trough  and  have  shown  it  to  be  correlated 
with  cha  equatorial  plaamapausa,  while  Hycroft 
and  Thomas  (1970),  Tuluiuy  (1972)  and  Tulunay 
and  Grabowsky  (1975)  have  shown  tha  trough  mini- 
mum location  to  be  corralacsd  with  the  plaama- 
pausa. Tulunay  and  Hughes  (1973)  have  shown  , 
that  cha  location  of  cha  trough  minimum  la  , 
partially  Influenced  by  tha  location  and  movs-  : 
mant  of  tha  auroral  praclpitatlon  region  ac 
night  and  hanes  recommend  tha  use  of  tha  mors 
praclsaly  maasurabla  trough  aquacorward  edge.  | 

I 

In  Fig.  13  the  trough  location  Idantlflad  ‘ 
as  cha  low  latitude  edge  of  tha  aquacorward 
trough  wall,  for  altitudes  balow  1500  km  la 
compared  with  tha  plaamapausa  position  daducad 
by  Chappell  at  al.  (1972),  Carpenter  (1966)  and 
Taylor  at  al.  (1970).  At  night  cha  trough  and 
plaamapausa  variations  are  vary  similar  although 
the  ISIS  I trough  locations  are  slightly  aqua- 
torvard  of  c.bs  plaamapausa  position.  Thomas 
and  Andrews  (1966)  obtalnad  similar  results. 
Sines  tha  trough  aquatorwai^  wall  la  typically 
1°  to  4^  wide,  tha  aquacorlal  trough  baaa  is  ^ 
locatsd  approxlmaCaly  0.3  to  1 L unit  poleward 
of  tha  results  shown.  These  results  strongly 
suggest  that  tha  mid-point  of  the  trough  wall 
Is  an  axcsllent  indicator  of  tha  plaamapausa  1 
during  cha  night  hours  ac  low  altitudes.  j 


Fig.  13.  Comparison  of  tha  mean  location  of 
cha  low  altitude  trough  (<1500  ka) 
varsua  local  time  with  tha  plaama- 
pauaa msaaurasionta  of  CarpsnCar  ( 1966), 
Taylor  at  al.  (1970)  and  Chappell 
at  al.  (1972). 
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Tha  daytlma  trough  location  balow  1500  lot 
daducad  fron  ISIS  I and  INJUN  V aaasuramnts 
shown  in  Fig.  13  ia  conaidarably  diffarant 
Iron  tha  raportad  plaamapauaa  profilaa.  Tha 
ISIS  I low  altituda  troughs  ara  found  at  sub- 
stantially highar  latitudas  (1  ■ 12. S - 1°), 
just  aquatorwsrd  of  tha  cusp  pracipitation  ra- 
gion.  Tha  trough  novas  gradually  to  lowar 
latitudas  toward  dusk  whila  tha  plaanapausa 
position  lisa  batwaan  Lad  and  7 from  dawn  to 
1600  LT.  The  thraa  sats  of  plaanapausa  loca- 
tions in  Fig.  13  do  not  show  narked  asynnetry 
between  night  and  day  whila  it  ia  quits  pro- 
nounced in  the  ISIS  I trough  location.  Tha 
results  of  Tulunay  (1973)  and  Tuiunay  and 
Srebowsky  (1975)  indicata  a sinilar  aaaymatry. 

Fxanination  of  tha  location  of  tha  high 
altituda  equatorward  trough  wall,  Tg,  (Fig. 

12)  shows  that  it  is  tha  base  which  may  bs 
reasonably  compared  with  the  plaanapausa  loca- 
tions shown  in  Fig.  13.  The  base  locatsd  at 
L m d.4  naar  midnight  and  at  L • 6.5  at  noon  is 
in  good  agreomant  with  t.he  plasnapause  measure- 
ments. However,  it  should  be  noted  in  agree- 
ment with  tha  finding  of  Sracs  and  Thais  (1974) 
that  tha  trough  shows  no  afternoon  bulge. 

Hacent  measurements  by  Gringauz  and 
Sezrukikh  (1976)  using  ion  traps  aboard 
Frognoz  and  Frognoz  2 satellitas  led  them  to 
conclude  "a  considerably  highar  latituda  for 
tha  plaanapausa  at  noon  comparad  to  that  at 
midnight  as  a typicai  feature  of  tha  quiat 
magnetosphara" . Thair  noon-midnight  maaaure- 
ments  of  May  3 and  August  24,  1972,  for  exam- 
ple, show  a difference  of  approx.  3.5  L in  tha 
noon-fflidnignt  plasmapauae  location.  On  the 
average,  however,  they  find  tha  plasmapauae 
location  to  be  1.5  L higher  at  noon  than  at 
midnight.  Lamaira'a  (1976)  thaoratical  studies 
of  tha  steady  state  plasmapauae  position  de- 
ducad  from  Mcllwain's  (1974)  E3H  convection 
electric  field  modal  for  magnatically  quiet 
conditions  (Kp  • 1 to  2)  clearly  show  a noon- 
midnight  asymmetry  with  tha  plasmapauae  at 
nignsr  L values  at  noon  than  at  midnight. 
Carpenter  and  Seely  (1976)  from  recent  quiet 
time  Vhistlar  drift  path  observations  noted 
significant  noon-midnight  asymmetry  in  tha 
plasmapauae  location  contrary  to  earlier 
measurements  (Carpenter,  1966),  Tha  whistler, 
satellite  msasuramants  and  thaoratical  deduc- 
tions of  Wolf  (1974)  and  Lamalra  (1976)  provide 
strong  evidanca  for  a noon'^idnight  asymmetry 
of  tha  plasmapauss,  with  tha  noon  plaamapauaa 
located  at  highar  L values.  Tha  ISIS  I high 
altitude  maaauramants  of  T2  show  that  tha  baas 
of  tha  high  altituda  trough  wall  is  in  good 
agreement  with  these  recant  plaamapauaa 
results. 

SUMMARY  AND  CONCLUSIONS 

Sxamination  of  thermal  ion  and  alactron 
troughs  in  tha  topside  ionosphere  obtained  by 
means  of  instruments  flown  on  the  ISIS-I  and 


INJUN  V satallitss  over  a 3 year  period  under 
conditions  whan  Kp  < 3 has  lad  to  tna  follow- 
ing results: 

1.  The  trough  occurrence  frequency  is  I 
ovar  90X  thin  3 hours  of  midnight,  it  da- 
craasaa  to  60%  naar  dawn  and  dusk,  and  'rsacnas~ 
a minimum  value  of  46%  near  local  noon. 

2.  At  altitudes  balow  1500  km  on  tha 
nightside,  tha  midpoint  of  tha  equatorial 
trough  wall  at  about  L • 3.6  is  found  to  be  in 
good  agreamant  with  raportad  plasmapauae  posi- 
tions. At  altitudes  batwaan  1500  and  2500  ka,  1 
the  top  of  tha  equatorward  trough  wall  movaa  toi 
continually  lowar  latitudas.  At  thasa  higher 
altitudes,  tha  equatorward  wall  bacomas  tha 
dominant  feature  of  tha  ionization  distribution 
often  extending  15°  to  20®  in  latitude.  The 
poleward  edge  of  tha  trough  bacomas  less  well 
defined  at  high  altitudes  and  is  marked  by 
ionization  spikes  1°  to  2°  in  width. 

3.  On  the  dayside  below  1500  ka  the  mean 
location  of  the  trough  T;  at  noon  is  L ■ 12.5 
- 1.0,  much  highar  t.han  tha  dayside  plaaaa- 
psusa  location.  Tj^  persists  above  1500  km 
with  decreasing  amplitude  above  this  level. 

4.  Tha  diurnal  variation  of  tha  trough 
location  was  not  found  to  vary  with  season 
except  naar  sunrise. 

5.  Tha  ISIS  I data  and  simultaneous 
tNJUN  V maaauremants  of  electron  density,  ion  Ai 
electron  tamparature,  horizontal  electric  I 
fields  and  particle  maaauremants  show  that  tha  1 
high  latituda  trough,  T],,  is  located  at  tha  > 
equatorward  edge  of  tha  cusp.  It  is  conciudsd 
that  electric  fields  and  enhancad  thermal 
electron  and  ion  temparatura  contribute  to  the 
formation  of  by  increasing  ion  loss  rates, 
ion  scale  height,  and  producing  changes  i.n  tha 
Chemical  composition  of  tha  region,  in  agree- 
ment with  the  theoretical  analysis  of  Sc.hunk 

at  al.  (1975). 

6.  At  all  altitudes  above  1500  km  a 
second  ionization  depletion  region  or  trough 
Tj,  is  observed  between  L a 2 and  6. 

7.  Tha  base  of  tha  high  altituda  trough 
wall  (T2  on  the  dayside)  ia  found  to  lie  be- 
tween L • 4 and  6 in  good  agraament  with 
plassMpauaa  locations  in  the  equatorial  plana. 
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